Type I interferons (IFNs) are helical cytokines that have diverse biological activities despite the fact that they appear to interact with the same receptor system. To achieve a better understanding of the structural basis for the different activities of ␣ and ␤ IFNs, we have determined the crystal structure of glycosylated human IFN-␤ at 2.2-Å resolution by molecular replacement. The molecule adopts a fold similar to that of the previously determined structures of murine IFN-␤ and human IFN-␣ 2b but displays several distinct structural features. Like human IFN-␣ 2b , human IFN-␤ contains a zinc-binding site at the interface of the two molecules in the asymmetric unit, raising the question of functional relevance for IFN-␤ dimers. However, unlike the human IFN-␣ 2b dimer, in which homologous surfaces form the interface, human IFN-␤ dimerizes with contact surfaces from opposite sides of the molecule. The relevance of the structure to the effects of point mutations in IFN-␤ at specific exposed residues is discussed. A potential role of ligand-ligand interactions in the conformational assembly of IFN receptor components is discussed.
Interferons (IFNs) are important cytokines characterized by antiviral, antiproliferative, and immunomodulatory activities (1) . These activities form a basis for the clinical benefits that have been observed in a number of diseases, including hepatitis, various cancers and, more recently, in multiple sclerosis (2) . The IFNs are divided into the type I and type II classes. IFN-␤ belongs to the class of type I IFNs, which also includes IFN-␣, -, and -, whereas IFN-␥ is the only known member of the distinct type II class. It is thought that type I IFNs began diverging 250 million years ago when IFN-␣ (with its family of more than a dozen closely related intronless genes) became distinct from IFN-␤ (3).
Structurally, IFNs are members of the helical cytokine family, known also as the hematopoietic growth factor family. These proteins are characterized by a similar four-helical bundle topology (4) . Human IFN-␤ (huIFN-␤) is a 166-amino acid protein with 35% sequence identity to the consensus sequence of IFN-␣ and 50% sequence identity to murine IFN-␤ (muIFN-␤). Unlike IFN-␣, huIFN-␤ is glycosylated at a single site. Crystal structures have been determined for nonglycosylated muIFN-␤ at 2.15 Å (5) and more recently for huIFN-␣ 2b at 2.9 Å (6). Other than IFNs, the family includes in part, growth hormone (GH), several interleukins (ILs), granulocyte colony-stimulating factor (G-CSF), granulocytemacrophage colony-stimulating factor (GM-CSF), macrophage colony-stimulating factor (MCSF), ciliary neurotrophic factor (CNTF), leukemia inhibitory factor (LIF), erythropoietin, and leptin. The crystal structures determined for many of these helical cytokines, as well as biochemical studies, show that some of them form dimers (IFN-␥, IL-10, MCSF, with topologies suggesting that rearrangements at the genetic level have occurred that preserve the dimerization potential (4) .
The crystal structures of human growth hormone (HGH) complexed with its receptor (HGHR) (7) and of IFN-␥ complexed with its high-affinity receptor chain (8) illustrate modes of interaction of members of the helical cytokine family with their receptors. The helical cytokine receptors have extracellular domains that typically contain tandem fibronectin-III-related repeats. Two fibronectin repeats form a module with a binding site for the cytokine. For convenience of discussion we term this module a cytokine-binding module (CBM). The HGH molecule is observed to be ''cradled'' between two identical receptor molecules, each one of which contains one CBM that interacts with different sites on the HGH molecule. In the case of the IFN-␥-receptor complex, two receptor molecules (each containing one CBM) bind the identical, twofold symmetry-related surface sites of the IFN-␥ dimer. In both cases, it is believed that signal transduction is mediated by ligand-induced receptor dimerization.
Mechanistically, type I IFNs are thought to exert their biological effects through interaction with the common IFN ␣͞␤ receptor (IFNAR) which then activates Janus kinases (jak1 and tyk2) and STAT transcription factors. The multimeric receptor is composed of at least two chains, IFNAR1 and IFNAR2 (9) . Whereas IFNAR2 contains a single CBM, IFNAR1 carries two tandem CBMs, suggesting that it can possibly bind two ligand molecules simultaneously.
Several lines of evidence indicate that different type I IFNs may engage receptor components in a different way, possibly accounting for the marked differences in biological activities observed for different IFN subtypes (10) . Mutant human cells lacking functional tyk2 retain substantial partial responsiveness and binding to IFN-␤ but are insensitive to IFN-␣ (11). In addition, certain human glioblastoma and melanoma cell lines show a much more dramatic response to IFN-␤ than to IFN-␣ (12, 13). More recently, it has been reported that when Daudi cells are stimulated with IFN-␤, phosphotyrosine-modified IFNAR2 is detected after immunoprecipitation of IFNAR1 with anti-IFNAR1 antibodies. Stimulation with IFN-␣ did not result in this coimmunoprecipitation, suggesting that IFN-␤ causes an association of different strength or nature with IFNAR1 and IFNAR2 than does IFN-␣ (14) (15) (16) .
Underlying structural differences between IFN-␣ and IFN-␤ must determine these differences in receptor engagement. Comparing the three-dimensional structures and mutational analyses of the IFNs should yield insights into the molecular features determining their distinct biological activities. Despite extensive attempts, no crystals of human IFN-␤ had been previously obtained because of the tendency of protein produced in Escherichia coli to aggregate (17) . Here, we report the crystallization and structure determination of glycosylated recombinant huIFN-␤, which was determined at 2.2-Å resolution by molecular replacement methods. A description of the structure as well as a comparison with other cytokines is presented. Existing mutagenesis data are analyzed in the context of the structure, and possible mechanisms of receptor signaling are discussed.
MATERIALS AND METHODS
Protein Preparation. Recombinant huIFN-␤ was secreted from Chinese hamster ovary (CHO) cells and purified from clarified conditioned media by absorption to blue Sepharose followed by ion-exchange chromatography on SP-Sepharose. To reduce the complexity due to glycosylation, the material was further fractionated by Zn-chelating Sepharose chromatography. The resulting preparation contained mainly biantennary complex glycan structures. All agaroses were obtained from Pharmacia. For crystallization, the preparation was dialyzed into 25 mM sodium acetate, pH 5.0, and concentrated to 8 mg͞ml by ultrafiltration in a Centricon-10 filter set-up (Amicon).
Crystallization. Crystallization conditions were found by incomplete factorial screening (18) using the CrystalScreen kit from Hampton Research (Riverside, CA). Crystals were grown by the hanging drop vapor diffusion method (19) at room temperature (22°C). Typically for crystallization the well contained 14% PEG 4000, 0.1 M sodium acetate at pH 4.6, and 0.2 M ammonium acetate, and the drop contained 5 l of protein solution mixed with an equal volume of well solution. Crystals grew in 2-3 days but were small. The size of the crystals increased considerably when they were grown in drops containing 5 l of silica hydrogel (Hampton Research). The crystals are rod-shaped of dimensions 0.8 ϫ 0.3 ϫ 0.3 mm and reach their final size in about 5 days. Crystals were dissolved in water and analyzed by electrophoresis in the presence of SDS. The gel showed one major band of Ϸ23,000 Da representing the predominant biantennary glycoform and several weaker bands of higher molecular mass due to higher-order glycosylation.
Data Collection and Crystal Characterization. Crystals were equilibrated in a cryoprotectant solution containing 20% (vol͞vol) glycerol, 14% (wt͞vol) PEG 4000, 0.1 M sodium acetate at pH 4.6, and 0.2 M ammonium acetate and were flash-frozen in a Ϫ165°C nitrogen stream. A full x-ray data set up to 2.2-Å resolution was collected from frozen crystals by using an R-AXIS II image plate system (Molecular Structure, The Woodlands, TX) mounted on a Rigaku RU-200 x-ray generator operated at 50 kV and 100 mA. An additional data set was collected at 2.6-Å resolution with a ϫ1000 Siemens multiwire area detector, mounted on an Elliott GX-13 generator, operated at 35 kV and 40 mA. The R-AXIS data were processed by the program BIOTEX from Molecular Structure and the Siemens data set, with XDS software (20) . Data statistics are shown in Table 1 . The unit cell is orthorhombic of dimensions a ϭ 55.3 Å, b ϭ 65.9 Å, and c ϭ 121.5 Å. Observation of systematic absences suggested that the space group is P2 1 2 1 2 1 . The Matthews volume (21) is 4.83 Å 3 ⅐Da Ϫ1 , assuming a molecular mass of 22,400 Da, which suggested that there are two molecules (labeled A and B) in the asymmetric unit.
Molecular Replacement. For molecular replacement calculations the program XPLOR (22) was used unless otherwise noted. The data set collected with the Siemens detector was used. The search probe was a polyalanine model based on the muIFN-␤ C ␣ coordinates (Protein Data Bank entry code 1rmi) and generated by the program MAXSPROUT (23) . The correct rotation solution for molecule A was identified by Patterson correlation (PC) refinement to be the 7th highest peak of the cross-rotation function. Subsequent translation search, using the rotated probe, produced a peak of translation function, TF, ϭ 0.177, which was 2 higher than the next unrelated peak. The PC refinement showed no significant peak for molecule B. Molecule B was located by using the program AMORE (24) . The XPLOR translation function (data 10-3 Å) for the two correctly positioned models had a value of TF ϭ 0.25, which was 6 higher than the next unrelated peak. The correctly positioned models were subjected to rigid-body refinement. The R-factor was 50.3% and the Rfree (calculated with 10% of the data set) was 51.8% for 10-3 Å after the rigid-body refinenent (25) .
Model Building and Refinement. Initial stages of model building and refinement were done with the Siemens data set with a 2 cutoff. Iterative cycles of model building and refinement were done using QUANTA (Molecular Simulations, San Diego, CA) and O (26) programs for molecular graphics manipulations and the XPLOR package for refinement. Initially, to minimize model bias, a partial model containing only residues from the ␣-helices was used for 3F o Ϫ 2F c map calculations. More atoms were added to the partial model as density was becoming interpretable. Occasionally, simulated annealing and restrained B-factor refinement were performed (22) . No noncrystallographic symmetry restraints or constraints were included. Only manual structure modifications that resulted in lower R free after refinement were accepted. When R free reached 32%, the process was continued using the R-AXIS data set, which extended to 2.2-Å resolution. Selection of the same reflections up to 2.6 Å for calculation of R free was done for the new data set to ensure avoidance of model bias. For the final corrections of the model, simulated annealing omit maps were calculated consecutively by omiting 10 residues for each map (27) . Water molecules were added by using the X-Solvate subroutine of QUANTA.
The current model of the crystal structure contains 3,521 protein atoms, 97 water molecules, and a zinc ion and has a crystallographic R factor of 22.3% and an R free of 28.3% for data between 100-and 2.2-Å resolution. Almost all residues are well defined in the final 2F o Ϫ F c electron density map. Fig.  1 shows a final 2F o Ϫ F c simulated annealing omit map for a representative region of the molecule. Residues 27-29 of molecule B and side chains of residues 71, 113, and 115-117 of molecule A and of residues 30 and 33 of molecule B are not included in the model because of weak electron density. In addition, some weak electron density in the region of probable carbohydrate has not been accounted for in the model because of uncertainty of the placement of these carbohydrate residues. The stereochemistry of the structure was analyzed with the program PROCHECK (28) . The rms deviations for bond lengths and angles are 0.013 Å and 1.58°, respectively, and the deviation of temperature factors in bonded atoms is 3.86 Å 2 . The 
RESULTS
Description of the Structure. The crystal structure of huIFN-␤ shows it to be a protein molecule roughly cylindrical in shape with dimensions of approximately 20 ϫ 30 ϫ 40 Å. It adopts the standard fold of type I IFNs, which belong to the family of long-chain helical cytokines (4) (Fig. 2) . It consists of five ␣-helices, labeled A (residues 2-22), B (residues 51-71), C (residues 80-107), D (residues 118-136), and E (residues 139-162) for molecule A. Helix D is six residues longer in molecule B (residues 112-136). Helices A, B, C, and E form a left-handed, type 2 (29) four-helix bundle (Fig. 2) . There is a long overhand loop, the AB loop, that connects helices A and B and three shorter loops (named BC, CD, and DE) that connect the rest of the helices. All helices and a strand that constitutes most of the AB loop are roughly parallel to the long axis of the cylinder. There are several hydrophobic residues, such as Phe-70, Phe-154, Trp-79, and Trp-143, that are involved in interactions with each other that stabilize the core of the molecule. In addition, residues of the core form several hydrogen bonds such as between Gln-10 O1 and Gln-94 N2 and between Ser-118 O␥ and Thr-58 O␥1.
The AB loop can be conceptually subdivided into three segments: the AB1 (residues 23-35), the AB2 (residues [36] [37] [38] [39] [40] , and the AB3 (residues 41-50) loops. The AB1 and AB3 loops connect the relatively straight AB2 loop with helices A and B, respectively. Residues 29-35 of the AB1 loop form two turns of a 3 10 helix, and residues 42-46 of the AB3 loop form one and a half turn of an ␣-helix. Cys-31 of the 3 10 helix forms a disulfide bridge with Cys-141 of the DE loop and plays an important role in the stabilization of the AB1 loop (30) . Additional interactions that appear to stabilize the AB1 loop are hydrogen bonds between Tyr-132 OH and Asp-34 O and between Arg-147 N1 and Leu-24 O. There is also a free cysteine residue (Cys-17) on helix A that is proximal to the surface but buried. Its proximity to the surface is consistent with the intermolecular disulfide bond formation under certain partially denaturing conditions or after prolonged storage of the molecule (unpublished data).
A single glycosylation site exists at residue Asn-80 that involves a biantennary complex-type carbohydrate chain. Electron density is relatively interpretable for the carbohydrate on molecule A, and seven hexose rings have been included in the model (Fig. 2) . On molecule B only the first two hexose rings are well defined. The carbohydrate chains from both molecules A and B are accommodated within a large solvent channel, about 45 Å wide, formed by the crystal structure. Despite the apparent absence of noncovalent interactions with neighboring molecules in the crystal, the carbohydrate of molecule A has an extended conformation. The only interactions that may be stabilizing the carbohydrate conformation are those between the core ␣1-6 fucose residue with the side-chain atoms of residues Asn-86 and Gln-23 in both molecules A and B and also at least two internal hydrogen bonds. Glycosylation of huIFN-␤ is likely to play an important role in protein solubility and stability (31) . It has been observed that nonglycosylated huIFN-␤ is much more susceptible to aggregation (17) . Inspection of the crystal structure shows that there are a relatively high number of surface-exposed hydrophobic residues in the vicinity of the glycosylation site. A possible role of the carbohydrate might be to ''shield'' those residues from the solvent.
Superposition of molecules A and B (Fig. 3) shows that the conformation of certain loops is highly dependent on the immediate environment in the crystal. Thus, helix D is longer by six residues in molecule B than in molecule A, a fact that is presumably related to the extensive participation of helix D and loop CD in a crystal contact formed between molecules A and B. The biggest differences in loop conformation are observed in loops AB1 and the CD loop (the rms deviation of C ␣ atoms for AB1 loop is 3.04 Å and for the CD loop it is 4.08 Å). The overall rms deviation for molecules A and B is 2.42 Å and for the C ␣ s it is 1.83 Å. The high B-factors and the weak electron density for residues 108-117 suggest that the CD loop is very mobile. Examination of crystal contacts shows that the AB and CD loops in both molecule A and molecule B are involved in many interactions with symmetry-related molecules and therefore the conformations observed may be very much dependent on this crystal form.
Comparison with Other IFNs. Superposition of huIFN-␤ (molecule A) with muIFN-␤ C ␣ coordinates shows that the molecules have very similar structures (Fig. 3) . The rms deviation for the C ␣ atoms of 136 structurally homologous residues is 0.71 Å. The overall rms deviation is 2.49 Å. The biggest differences are in the AB1 and CD loops (rms deviations are 6.28 and 5.68 Å, respectively). There are three more residues on the AB1 loop in huIFN-␤ and a 3 10 helix (residues 29-35) that is not observed in muIFN-␤. Formation of this helix may be related to the existence of the disulfide bond in this region, which is absent from muIFN-␤. A similar arrangement exists in huIFN-␣ 2b (6) , where two turns of 3 10 helix (helices 3 10 A and 3 10 B), a disulfide bridge, and one additional residue (Ser-28) on the AB1 loop are observed. The interaction between Arg-147 N and Leu-24 O in huIFN-␤ is conserved in muIFN-␤ and appears to play a role in the stabilization of the AB1 loop. As predicted (5), the buried hydrogen bond network involving Tyr-125, Tyr-126, Asn-153, and Glu-149 is also conserved. Specifically, there are three hydrogen bonds between Tyr-125 OH⅐⅐⅐Asn-1 N␦2, Tyr-126 OH⅐⅐⅐Asn-153 O␦1, and Tyr-125 OH⅐⅐⅐Glu-149 O2. This network facilitates interactions between helices D and E. Another hydrogen bond network described in muIFN-␤ (5) and conserved in huIFN-␤ involves Arg-128, which interacts with main-chain carbonyl oxygens from residues Phe-38 and Asp-39. Nearby, His-121 forms a hydrogen bond with Glu-43, which itself forms a hydrogen bond with its main-chain amide nitrogen. Several water molecules form hydrogen bonds with the aforementioned residues. This network appears to stabilize the extended conformation of the AB2 loop.
As would be expected from the very high degree of sequence conservation in its region, the B helix has a structure very similar to that of muIFN-␤. This is in contrast to huIFN-␣ 2b , for which a break in the B helix was observed. As predicted (6), helix E is very similar to that of muIFN-␤. The rotation of helix E around the helix axis observed in huIFN-␣ 2b is not observed in huIFN-␤.
In huIFN-␤, the CD loop is the region with the highest mobility. This is similar to what has been seen in muIFN-␤ and even more in huIFN-␣ 2b , where no electron density has been observed for this loop. In the case of muIFN-␤ the CD loop is packed tightly against the rest of the molecule but in huIFN-␤ the CD loop appears to be positioned away from the rest of the molecule, resulting in a lack of contacts between residues 106-115 of the CD loop and the rest of the molecule. Unlike what has been observed for muIFN-␤, in huIFN-␤ there is no observed helical structure for the CD loop. In the muIFN-␤ crystal structure the CD loop appears to be involved minimally in crystal contacts and may therefore have been allowed to adopt the helical conformation. If that is the case, then there may also be a helical conformation possible for this region of the huIFN-␤ molecule in solution. Such a difference in the secondary structure of the CD loop has also been observed in the case of HGH when bound to its receptor (7) . Dimerization. A zinc ion is observed to exist at the interface between molecules A and B (Fig. 2) . It is coordinated recent crystallographic observation of the existence of IFN-␣ 2b as a zinc-mediated dimer (6) raise the possibility that a physiological huIFN-␤ dimer may exist. The huIFN-␤ dimer is different from the huIFN-␣ 2b dimer in that the two molecules are not related by a twofold axis but by a rotation of about 44°a long an axis approximately perpendicular to the plane defined by helices C, B, and D. Thus whereas huIFN-␣ 2b dimerizes with the same contact surface (helix D and AB loop), huIFN-␤ dimerizes with contact surfaces from opposite sides of the molecule. It is interesting to note that none of the solutions used for the crystallization of huIFN-␤ contained zinc, a fact which suggests that traces of zinc remained from an earlier purification step involving the zinc-chelate chromatography column (more details are in Materials and Methods) and were in amounts sufficient for incorporation into the zincbinding site. It should also be pointed out that huIFN-␣ 2b crystals were grown out of solutions containing 40 mM Zn(OAc) 2 . Gel filtration experiments show no evidence of dimerization of huIFN-␤ in solution by the addition of up to 5ϫ molar excess of zinc chloride (unpublished data).
Structure-Function Studies. Although extensive structurefunction studies of ␣-IFNs employing mutagenesis and construction of hybrid molecules have been reported (reviewed in ref. 17) , similar studies on IFN-␤ up to now have been limited to chemical mutagenesis (32) and alanine-scanning mutagenesis of loops AB (Arg-33 to Glu-41) and DE (Lys-134 to Ser-137) (unpublished data cited in ref. 5) (Fig. 4) . Many of the substitutions involve charged residues. Mutations Glu-42 3 Lys or Glu-43 3 Lys result in loss or partial-loss of function, respectively (32) . Glu-42 and Glu-43 are exposed residues of the AB3 loop and lie in a region of the sequence that has several acidic residues in most type I IFNs. Glu-43 is involved in stabilizing the conformation of His-121 which participates in the formation of the zinc-binding site (Fig. 4) . Glu-43 has also been identified as part of an antigenic epitope critical for function. Studies of monoclonal antibodies that neutralize huIFN-␤ activity showed that residues 41-43 and 46 are important for the binding of these antibodies (33) . On helix E, mutations Ala-142 3 Thr, Glu-149 3 Lys (32), and Arg-147 3 Ala (unpublished data, cited in ref. 5 ) also result in loss of function. Ala-142 is a buried residue at the end of helix E whose side chain makes van der Waals contacts with the side chain of Ser-139. Residues Arg-147(144) and Glu-149(146) are conserved in IFN-␣ and are involved in IFN-␣ activity. As discussed earlier, Arg-147 appears to play a role in the stabilization of the AB1 loop; however, it is also partially exposed to the solvent and could possibly be accessible to a long side chain from a receptor residue. Glu-149 is an almost completely buried residue whose side chain forms a hydrogen bond with the OH group of Tyr-125.
DISCUSSION
The three-dimensional structure of human IFN-␤ presented here reveals many similarities with structural determinants of murine IFN-␤ and human IFN-␣ 2b but also displays several strikingly different features. Such a feature is the formation of an asymmetric, zinc-mediated dimer that presents contact surfaces opposite to those found in the IFN-␣ 2b crystal structure, raising questions regarding their implications for receptor binding. The biological significance of these dimers is unclear. Evidence for the existence of an active huIFN-␤ dimer, gathered by using the method of radiation target analysis, has been reported (34) . There are many additional cases of noncovalent or covalent dimerization of helical cytokines such as the well documented cases of HGH (35) , ciliary neurotrophic factor (CNTF) (36), IFN-␥ (37), and IL-10 (38). Typically, in many cases of helical cytokine dimerization the association constant is low and the residues responsible for the dimerization are not conserved between different sequences. Moreover, the relative orientations of monomers that constitute the dimers are also not conserved among the different members of the family, which suggests that there is no conservation of the dimerization interface. For instance, His-121 is conserved in muIFN-␤ and bovine IFN-␤ but not in horse IFN-␤. There is no obvious conservation of His-93 and His-97 between murine, bovine, and equine IFN-␤s; however, there seems to be a frequent occurrence of a histidine at the adjacent position (His-88 in muIFN-␤) and an acidic residue (Asp or Glu) in the His-97 position.
IL-6 is known to form a multimeric ligand-receptor complex involving two molecules each of IL-6, ␣ and ␤ receptor chains (39) . Recently, the crystal structure of IL-6 was reported (40) . The authors proposed a model, based on mutational analyses and the IL-6 crystal structure, that predicts dimerization of IL-6 upon receptor binding. Although there is no adequate evidence for the existence of type I IFN dimers in solution, the possibility that such dimers form upon receptor binding on the cell surface cannot be excluded. Indeed, there are cases in which the environment of the crystal is known to ''trap'' proteins in assemblies that are thermodynamically favored only when these proteins are complexed with other molecules (41) .
Structure-function studies of IFN-␣ have defined several distinct sequence regions that may define surfaces involved in either receptor-ligand or ligand-ligand interactions. For ␣-IFNs it has been suggested that IFNAR1 interactions occur through exposed C helix residues (9), and it has been further proposed that exposed residues of the A helix on the C helix (6) shows that the residues of the conserved region also share similar position, conformation, and accessibility (Fig. 4) . Nonetheless, IFN-␣ and IFN-␤ do not share all activities. Differential engagement of IFN receptor subunits by ␣ and ␤ IFNs is implicated from observations on tyk2 mutant cell lines (43) and by the observation that IFN-␤, but not IFN-␣, can induce a coimmunoprecipitable complex of phosphotyrosinemodified IFNAR1 and IFNAR2 (14) (15) (16) . Results from studies with other members of the helical cytokine family suggest that there is a large variability in the ways that these molecules interact with their receptors. Major differences between HGH-receptor and IFN-␥-receptor complexes are observed in their crystal structures. In addition, although helical cytokines share the same four-helix-bundle fold architecture, there are many differences in the tertiary structure (e.g., HGH and IFN-␤) and quaternary structure (e.g., IFN-␥ and IL-10). These differences are related to low sequence homology as well as differences in the intron-exon structure of these cytokines at the gene level. Such variability in ligand structure may also require large variability in the mode of ligandreceptor interactions. Therefore it appears that the IFNreceptor complex may not be adequately described by a model similar to the HGH-receptor complex, a conclusion also reached in ref. 17 after examining mutagenesis data for HGH and granulocyte-macrophage colony-stimulating factor.
The crystal structure of huIFN-␤ will allow the design of key mutations to test the functional relevance of dimerization, and it should provide additional evidence for differential receptor subunit assemblies proposed for different type I IFN subtypes. However, a complete understanding of the system may require the determination of the crystal structures of the complexes of IFNs with their receptors.
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